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HYPERSONIC AFRODYNAMIC CHARACTERISTICS
OF NR-ATP ORBITER, ORBITER WITH
EXTERNAL TANK, AND ASCENT CONFIGURATION

By

George C. Ashby, Jr., NASA/IaRC
ABSTRACT

A .0045 scale model of the North American Rockwell ATP Orbiter with
and without the external tank has been tested in the Langley 22-Inch
Helium Tunnel at Mach 20 and a Reynolds number based on.model length, of
2.1h x 106. Longitudinal and léferal—directional data were determined
for the orbiter alone while only longitudinal characteristics and elevon
roll effectiveness were investigated for the orbiter/tank combinafion.

Oil flow and electron beam flow visualization studies were conducted for

the orbiter alone, orbiter with external tank and the ascent configuration.
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BREF

LREF

SREF
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NOMENCLATURE
General

DEFINITION

speed of sound; m/sec, ft/sec

pressure coefficient; (p; - Pw)/a

Mach number; V/e

pressure; N/m°, psf -

dynamic pressure; l/2pV2, N/m2, pst

unit Reynolds number; per m, per ft

velocity; m/sec, ft/sec
angle of attack, degrees
angle of sideslip, degrees
angle of yaw, degrees
angle of roll, degrees

mass density; kg/m3, slugs/ft3

Reference & C.G. Definitions

base area; m2, f£t2

wing span or reference span; m, ft

center of gravity

reference length or wing mean
aerodynemic chord; m, ft

. Ml
wing area or reference area; m"~,

moment reference point
moment reference point on X axis
moment reference point on Y axis

moment reference point on Z axis

base

local

static conditions
totsl conditions

free stream

£1°



NOMENCLATURE (Continued)

Body-Axis System

: SADSAC :
SYMBOL SYMBOL DEFINITION
Cy CN normal-force coefficlent; EQEEE}§£2£EE
et
Ca CA axial-force coefficient; EEEE&.%EEES
a
Cy cY side-force coefficient; §i§§_§2359
a
Cp CAB base-force coefficient; base force
b - qS
-Ap(Pp - Po)/aS
CAf CAF forebody axial force coefficient, CA - CAb
Ch CIM pitching-moment coefficient; pltching moment
45/ RrrF
Cn CYN yawing-moment coefficient; Zﬁﬂigﬁg%ggggf
a
Cy CBL rolling-moment coefficient; rolligs moment
4
Stability-Axis System
C CL 1ift coefficient; 1ift
L as
C cD drag coefficient; 4rég
D as
C CDB base-drag coefficient; Pase drag
Dy, . . asS
Cp, CDF forebody drag coefficient; Cp - Cpy
Cy cY side-force coefficient; Eigg_ggffi
o1
Cr CIM pitching-moment coefficient; pitching moment
2/ rEF
C, CLN yawving-moment coefficient; yawingsgoment
) q
) CSL rolling-moment coefficient; rollig% moment
ot
L/D L/D lift-to-drag ratio; Cr/Cp
L/Df L/DF 1ift to forebody drag ratio; CL/CDf
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Cy 8

Cng

PLOT
SYMBOL

DCY/DB

DCYNDB

DCBLDB

DCY/DA

DCYNDA

DCBLDA

ELEVTR

ATLRON

NOMENCLATURE (Continued)
ADDITIONS TO STANDARD LIST

DEFINITION

side force coefficient derivative with respect to
beta. Algebraic difference of the side force coeffi-
cient of two runs divided by the algebraic difference
of the side slip angle of the runs; per degree.

yawing moment coefficient derivative with respect to
beta., Algebraic difference of the yawing moment
coefficient of two runs divided by the algebraic
difference of the side slip angle of the runs; body
axis system; per degree.

rolling moment coefficient derivative with respect
to beta. Algebraic difference of the rolling moment
coefficient of two runs divided by the algebraic
difference of the side slip angle of the rums; body
axils system; per degree.

side force coefficient derivative with respect to
total aileron deflection. Algebraic difference of
the side force coefficients of two runs divided by
the algebraic difference of the total aileron de-
flection angle of the rums; per degree.

yawing moment coefficient derivative with respect to
total aileron deflection. Algebraic difference of
the yawing momernit coefficient of two runs divided by
the algebraic difference of the total aileron deflec-
tion angle of the rums; body axis system, per degree.

rolling moment coefficient derivative with respect

to total aileron deflection. Algebraic difference of
the rolling moment coefficient of two runs divided by
the algebraic difference of the total aileron deflec-
tion angle of the runs; body axis system; per degree.

elevator deflection, degrees; determined by:
(8gp, + Sep)/2

aileron deflection, degrees; determined by:



NOMENCLATURE (Concluded )

ADDITIONS TO STANDARD LIST

PLOT

SYMBOL  SYMBOL DEFINITION

bp "RUDDER rudder deflection angle, degrees; positive direction
trailing edge left.

JBF BDFLAP body flap deflection, degrees; positive direction
trailing edge down.

3 ELVN-L left elevon deflection, degrees; positive direction

er,
trailing edge down.

deR ELVN-R right elevon deflection, degrees; positive direction
trailing edge down.

AB DLTBTA incremental difference in sideslip angle between
two test runs; degrees.

AY PN DLTALN incremental difference in aileron deflection angle

between two test runs; degrees.



HYPERSONIC AE?ODYNAMIC CHARACTERISTICS
OF NR-ATP ORBITER, ORBITER WITH

EXTERNAL, TANK, AND ASCENT CONFIGURATION

By

George C, Ashby, Jr.

SUMMARY

A .0045 scale model of the North American Rockwell ATP orbiter with
and without the external tank hés been tested in the Langley 22-inch
helium tunnel at Mach 20 and a Reynolds number based on model length, of
2.14 x 106, Ssix component aerodynamic force and moment data were re-
corded over an angle of attack range from.--1.5° to 54° for the prbiter
alone and +15° for the orbiter/tank configuration. Both longitudinal and
‘lateral-directional data were determined for the orbiter alone. For the
orbiter/tank combination only the longitudinal charécteristics and elevon
roll effectiveness were investigated.

Additionally, oil flow and electfon beam flow visualization studies
were conducted on the orbiter alone, orbiter With external tank, and
orbiter with external tank and solid rocket boosters (ascent configuration).

The orbiter attains the design L/D of 1.32 at a = 34°; however, it
has nearly neutral stability at trim and requires an entry c.g. somewhat
rearwvard of design (65% %) for minimum up elevon/maximum Cy at trim. A

slight pitchup occurs for up elevons (8 = -20° and -40°) beyond angles

of attack of about 45°, Reference 1 shows a similar result for a delta
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wing with a full span trailing-edge flap at M = 6.8 and o = 50° to 55°
in air. A companion publication of ieference 1, reference 2, shows the
effects to be caused by flow overexpansion on tﬁe flap. It should be
noted, however, that the 5° angle of attack difference between the angle
where the pitchup occurs at M = 6.83 in air (reference 1) and M = 20 in
helium is also the difference in conical shock detachment angle for the
two cases.

The directional instability (-C, ) and positive dihedral effect
(-Cls) observed in this test are simifar to the results obtained for other
delta-wing orbiter designs.

The orbiter-external tank combination data are referenced to the
orbiter geometric parameters and can be somewhat misleading. For instance,
the instability of the combination about the orbiter c.g. is reduced when
the tank fuel c.g. is taken into account. It is interesting to'note that
-the orbiter and orbiter/tank combination have the same level of normal -
force from o = 0° to 12°. The roll control of the orbiter elevon for the
orbiter/tank combination was determined for the setting, §ep, = 0° and
Seg = -40°; if shows a proverse yawing moment whiéh is equal to or
greater than 50 percent of the rolling moment.

The orbiter was originally tested with a .0047 scale wing on the
.0045 body. Comparison of the data to that of the .0045 wing/body with
both reduced on the smaller wing geometric parameters, showed only the
1lift and drag values to be significantly different. The L/D and trim

characteristics were approximately the same. Because of these similari-

ties, roll effectiveness and the effect of body flap deflection were not
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obtained for the .0045 wing/body. Those data obtained for the .0047 wing/

.0045 body are presented herein based on .0045 wing geometric parameters.

CONFIGURATIONS INVESTIGATED

These tests utilized a .0045 scale model of the NR-ATP space shuttle
orbiter, external tank and solid rocket boosters. Force tests were con-
ducted on the orbiter alone (figure 1) and on the orbiter with external
tank (figure 2). Several initial investigations, aileron effectiveness
and body flap deflection tests, were made with a .0047 scale model wing
on a .0045 scale model body (figure 1).

The o0il flow and electron beam flow visualization studies were con-
ducted on the .0045 scale model orbiter a;one (figure 4), orbiter with
external tank (figure 5) and orbiter with external tank and solid rocket
boosters (ascent configuration, figure 6).

Orbiter dimensions were obtained from NR lines drawing VL70-000001
while external tank and solid rocket booster lines and assembly locations
were scaled from NR sketch 102SSV319. -

The model components tested are listed below. Pertinent dimensional
information for these components is given in table II. Table I deline-

ates the various configurations these components were tested in during

this investigation.

ORBITER:
By - basic ATP fuselage
c, - canopy

12



D; - manipulator arm housing

Fi - body fiap

M - orbital maneuvering.system pod

L basic delta wing (.0045 scale)

Wi, - basic delta wing (.0047 scale)

E; - full span elevons for Wy ’

\51 A- basic fuselage centerline mounted vertical tail
Ky - cooling air inlet

Ry - rudder for vertical tail V;

External tank:
Ty - orbiter external fuel tank
Solid rocket booster:
S1 - two 156 inch diameter solid rocket boosters attached to

the external tank

TEST FACILITY DESCRIPTION

The LaRC 22-inch helium tunnel is a biowdown—type tunnel with é ’
normal operational time of 30 seconds for acrodynamic force and moment
tests. Studies are conducted in the 22-inch diameter test section at
Mach numbers from 19 to 22.2 at stagnation pfessures from 500 to 3000 psi,
and at stagnation temperatures from 520° to 960°R. These test conditions
allow Reynolds number variations from 2.5 x 109 to 11.5 x 106 per foot."
Operational characteristics of the contourcd nozzle flow characteristics

are available in reference 3.
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TEST CONDITIONS

For this report, all tests were conducted at a stagnation pressure
of 1000 psi gage and at a stagnation temperature of 85°F. These test
conditions resulted in a Mach number of 20.3 and a Reynolds number of
2.14 x 100 based on model length (5.977 in.)

The techniqué used for the surface oil-flow studies was to splatter
a mixture of lamp black and silicone o0il onto a light colored model that
had been initially coated with a thin film of clear silicone oil. Simul-
taneous photographs of the oil-flow patterns and the electron-beam illumi-
nated flow field were then madg during a run. Additional photographs of
the oil-flow patterns were taken after the models were removed from the
tunnel. Although a model shield device was used, these patterns were
subjected to flow shut-down disturbances. These disturbances have been
observed to be small, but they can cause a slight rearward movement in

heavy o0il accumulation regions such as along separation lines.

DATA REDUCTION

The aerodynamic forces and moments have been reduced to coefficients
by using the following reference values:

Sref = total or-theoretical wing projected area = 60.58 cm? = .06524 ft2

wing MAC = 5,9436 om = 2.34 in.

lref

bref = wing span (projected) = 11.52 cm = 4.535 in.
The moments have been reduced about a center of gravity located at a fuse-

lage station which is .65 body length.

14



The anglés of attack, -1.5° to 54°; were measured by an optical
method using a prism mounted in the model to reflect light from a point
(located adjacent to the test-section window) onto electric eyes set at
calibrated intervals. Sideslip angles tested were 0°, -2.25° and -4.47°.

All axial force and drag data have been corrected for base pressure.
The measured base pressures are unavailable for this report: All data
calculations and axis system conversions used the corrected values of

axial force and drag.
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TABLE IT. MODEL DIMENSIONAL DATA

'MODEL COMPONENT :_ BODY - BL

GENERAL DESCRIPTION : _Basic Delta Wing Fuselage per NAR Lines,

Dwg. VLT0-000001

Model Scale = 0045

DRAWING NUMBER : __ VLOOO0O1

DIMENSIONS :

Length

Max Width

Max Depth
Fineness; Rati;a
Area

Max. Cross—Sectional

Planform

Wetted

Base

18

MODEL SCALE

FULL SCALE
1328.33 5.977
1237.96 1.0708
238.00 1.0710
54527 .0249
326,0 .0066




~ MODEL DIMENSIONAL DATA

'MODEL COMPONENT : _ BODY - CANOPY - C1

GENERAL DESCRIPTION : Canopy used with Basic Delta Wing Fuselage per

NAR Lines, Dwg. VL7T0-000001

Model Scale = .00L5

DRAWING NUMBER : __ VLT0-000001

DIMENSIONS : FULL SCALE  MODEL SCALE
STA Fwd Bulkhead - in, 340.00 1.530
STA Trailing Edge - in. 560,00 2.520
Max Depth

Fineness Ratio

Area

Max. Cross—Sectional

Planform

Wetted

Base

Windshield Consists of Six (6) Penels
Pilots Eye is at the Following Points:

F'U.S. STA - ino ' , )"'08.00 10836

B.P, - in. 24,00 .108

W.P, - in, 455,00 2.0475
View Angle Available:

Deg Upward . ' 20.00

Deg Downward 24,00

19



MODEL DIMENSIONAL DATA

MODEL COMPONENT : __ BODY - MANIPULATOR HOUSING - D1

GENERAL DESCRIPTION :

Model Scale = 0045

DRAWING NUMBER : VL70-000001

DIMENSIONS FULL SCALE MODEL SCALE
Length = in. . 967,00 4,351
Max Width = in. 53,32 «2399
Max Depth - in. 20,00 .0900

Fineness Ratio - -

Area

Max. Cross~Sectional

Planform -- -

Wetted - ="

Base - -

20



. MODEL DIMENSIONAL DATA

'MODEL COMPONENT': BODY - OREITAL MANEUVERING SYSTEM POD-M1

GENERAL DESCRIPTION :

Model Scale = .00LS5

DRAWING NUMBER : .__VL:70-000001

DIMENSIONS : FULL SCALE  MODEL SCALE
Length - in., . 290.67 1.3080
Mox Width - in. - 67.33 3030
Max Depth = in, 104.00 L4680

Fineness Ratio

Area

Max. Cross-Sectional

Planform - -
Wetted , il --
Base - -

21



TABLE II. MODEL COMPONENT DIMENSIONS - Continued
MODEL COMPONENT: WING - WL

GENERAL DESCRIPTION: DELTA WINGAWITH -5° TWIST & ROUNDED WING TIPS. WING BENDS

INTO BODY, FOLLOWS NAR LINES, V70-000001. EQUIV. SPAN IS 78.604% OF THEORETICAL

DELTA WING MODEL SCALE = 0,0045

DRAWING NUMBER: VL70-000001

FULL-SCALE

DIMENSIONS : MODEL SCALE
TOTAL DATA
Area in. (in. R.P.) - Ft2
Planform 3221.92 .06524
Wetted - -—
Span (equivalent) 1007.8 4.535
Aspect Ratio 2.144 2.144
Rate of Taper 1.191 1.191
Taper Ratio : 0.219 0.219
Diehedral Angle, degrees 3.500 3.500
Incidence Angle, degrees 3.000 3.000
Aerodynamic Twist, degrees ~5.00 -5.00
Toe-In Angle : 3.00 3.00
Cant Angle -2.00 -=2.00
Sweep Back Angles, degrees
Leading Edge 49.910 49.910
Trailing Edge -0.183 -0.183
0.25 Element Line 41.675 41.675
Chords:
Root 2Wing Sta. 0.0) 760. 56 3.4225
Tip, (equivalent) 159.72 7187
MAC . 525.4 2.364
Fus. Sta. of .25 MAC 1132.98 5,098
W.P. of .25 MAC 304.55 1.370
B.L. of .25 MAC 196.09 . 8824
Airfoil Section — —
Root : s -
Tip - -
EXPOSED DATA -
Area in (W.R.P) - Ft2 2203.0 - 0.04468
Span, (equivalent) 795,86 __3.5814
Aspect Ratio 1.966 1,966 __
Taper Ratio 0.260 0,260
Chords
Root 641,57 2.887
Tip 166.68 7501
MAC . 450.63 2,028
Fus. Sta. of .25 MAC 1190.82 5.359
W.P. of .25 MAC 305.47 1.375
B.L. of .25 MAC 260.80 1.174
Leading Edge Cuff
Planform Area (W.F.P.) - Ft2 271.39 . 00549
Leading Edge Intersects Fus ML @ STA. - in.  540.00 2.430
Leading Edge Intersects Fus ML @ Sta. - in. 1114.0 5.013



TABLE II. MODEL COMPONENT DIMENSIONS - Continued

MODEL COMPONENT : "ELEVON - E1 (DATA FOR 1 of 2 SIDES)

GENERAL DESCRIPTION: FULL SPAN CONSTANT CHORD ELEVON LOCATED ON WING - W1

MODEL SCALE = 0,0045

DRAWING NUMBER: VL70-000001

DIMENSIONS

Area (True) - Fe2

Span (equivalent) - in.

Inb'd equivalent chord - in.
Outb'd equivalent chord

Ratio movable surface chord/
total surface chord

At Inb'd equiv. chord
At Outb'd equiv. chord
Sweep Back Angles, degrees
Leading Edge
Tailing Edge
Hingeline
Area Moment (Normal to hinge line)_p.3

(Product of Area & Mean Chord)

23

FULL-SCALE

347.2
384.0
134,38

34,38

0.20

-0.183
-0.183
-0.183

_4164.4

MODEL SCALE

___.0070
1.728

.6047

. 6047

0.209

0.805

-0.183

-0.183

.00038
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MODEL COMPONENT:
GENERAL DESCRIPTION:

TABLE II. MODEL COMPONENT DIMENSIONS - Continued

VERTICAL TAIL - V1

'CENTERLINE VERTICAL DELTA WING CONFIGURATION

MOD

DRAWING NUMBER:

E = 0.0045

VL70-000001

DIMENSIONS:

TOTAL DATA

Area - Ft2
%Void (Included Above)
Blanketed (Included Above)
Span (equivalent)
Aspect Ratio
Rate of Taper
Taper Ratio
Diehedral Angle, degrees
Incidence Angle, degrees
Aerodynamic Twist, degrees
Toe-In Angle
Cant Angle
Sweep Back Angles, degrees
Leading Edge
Trailing Edge
0.25 Element Line
Chords:
Root &wing Sta. 0.0)
Tip, (equivalent) '
MAC '

Fus. Sta. of .25 MAC
W.P. of .25 MAC
B.L. of .25 MAC

Airfoil Section s5° ya1f Angle

R9°t Double Wedge with
Tip Rounded L.E.

EXPOSED DATA

Area
Span, (equivalent)
Aspect Ratio
Taper Ratio
Chords
Root
Tip
MAC .
Fus. Sta. of .25 MAC
W.P. of .25 MAC ‘
B.L. of .25 MAC

*Void Area Located at the Lower
Aft Portion of the Surface

FULL-SCALE

45.00
26.361
41.150

275.52
111.4

205.0
1462.2
639.0
0.0

ok

MODEL SCALE

NASA-MSFC-MAF



TABLE TI. MODEL COMPONENT DIMENSIONS < Continued

MODEL COMPONENT: RUDDER - R1

GENERAL DESCRIPTION: RUDDER ON CENTER LINE VERTICAL

MODEL SCALE = 0.0045

DRAWING NUMBER: VL70-000001

DIMENSIONS : FULL-SCALE MODEL SCALE
Area - Ft2 117.7 .00238
Span (equivalent) - in. - 226.0 1.017
Inb'd equivalent chord - in. 97.09 .4369
Outb'd equivalent chord - in_ : 52.02 . .2341

Ratio movable surface chord/
total surface.chord

At Inb'd equiv. chord 0.400 0.400
At Qutb'd eqﬂiv. chord 0.400 0.400

Sweep Back Angles, degrees

Leading Edge 34.889 34.889

Tailing Edge 26.361 26.361
Hingeline ' " 34.889 34.889
Area Moment (Normal to hinge line) - Ft3  647.71 .00006

(Product of Chord and Mean Chord)

25
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TABLE II. MODEL COMPONENT DIMENSIONS - Continued

MODEL COMPONENT: BODY - T;

GENERAL DESCRIPTION:  EXTERNAL TANK (BASELINE DIAMETER) WITH 30° HALF

ANGLE NOSE CONE AND RETROROCKET

DRAWING NUMBER

DIMENSION: - FULL SCALE MODEL SCALE
Length : 2184 in. 9.828 in.
. Max Width 318 din. 1.431

Max Depth - 318 in. 1.431

Fineness Ratio 6.87 6.87

Area
Max Cross-Sectional  551.54 £t ..011169 ft2
Planform _ - -
Wetted _ —_
Base

551,54 f£2  __.011169 ft2

26



TABLEII. MODEL COMPONENT DIMENSIONS - Continued.

MODEL COMPONENT: BODY - §;

" GENERAL DESCRIPTION:  SOLID ROCKET MOTOR (BASELINE DIAMETER) WITH

- HOLDDOWN ARMS

" DRAWING NUMBER

DIMENSION: "

Length
. Max Width

Max Depth

Fineness Ratio |

Area |
Max Cross-Sec tional
Planform
Wetted
Base

o7 -

FULL SCALE

156 1in.
156 in.
14.21

132.5 ft2 -

‘MODEL SCALE

9,976 1in.
- .702 in.
.702 in.

14.21

;002683 f£t2 R




TABLE II. MODEL DIMENSIONAL DATA - Concluded.

MODEL COMPONENT :__Body Flap, F1

GENERAL DESCRIPTION : Rectangular body flap located on lower aft

portion of body and extending aft of body.

DRAWING NUMBER :

DIMENSIONS : FULL SCALE MODEL SCALE
Length, in. . 1.08186
Max Width, in. ‘ L12ko
Max Depth

Fineness Ratio

Area

Max. Cross—Sectional

Planform

Wetted

Base

28



MODEL FIGURES

29



013

oy — 1.000 - o

Body Flap .18l Width

pt— 270 -—o=f .069 Chord -
\-40°
Wing Reference Plane J -20° \ )
‘ +15°

Elevon Angles

60 Percent Chord . —— 10° Sym 60-40 Wedge

.137

.019R Sph. Nose

Figure 1. North American Rockweill baseiine (.0045 scale) delta-wing orbiter (ATP) with

«0047 scale wing superimposed. All linear dimensions are in terms of orbiter
body length (15.182cm).
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e ————— 7259

-Figure 2. NR-ATP baseline orbiter with external tank
(.0045 Scale). All dimensions are in terms
of orbiter body length (15.182 cm)
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O55R:

— . 702 DIA.

- 8221

58.976

Figure 3. SRB general arrangement.
Al]l dimensions are in inches.

. 9% DiA.



A) Ieft side view

Figure 4. - Photograph of .00L5 Scale NR (ATP) Orbiter Configuration.




B) Top view

Figure 4. - Photograph of .0045 Scale NR (ATP) Orbiter Configuration.




C) Bottom view

Figure 4. - Photograph of .0045 Scale NR (ATP) Orbiter Configuration.
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D) Rear oblique view

Figure 4. - Photograph of .0045 Scale NR (ATP) Orbiter Configuration,
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A) Ieft side view

Figure 5. - Photograph of .0045 Scale NR (ATP) Orbiter
With External Tank Configuration.
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B) Top view

Figure 5. - Photograph of .0045 Scale NR (ATP) Orbiter
With External Tank Configuration.




6¢

C) Bottom view

Figure 5. - Photograph of .0045 Scale NR (ATP) Orbiter
With External Tank Configuration.
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D) Rear oblique view

Figure 5. - Photograph of .0045 Scale NR (ATP) Orbiter
With External Tank Configuration.
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Figure 6.

A) ILeft side view

- Photograph of .0045 Scale NR (ATP) Ascent Configuration.
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B) Top view

Figure 6. - Photograph of .0045 Scale NR (ATP) Ascent Configuration.
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C) Bottom view

Figure 6. - Photograph of .0045 Scale NR (ATP) Ascent Configuration.
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D) Rear oblique view

Figure 6. - Photograph of .0045 Scale NR (ATP) Ascent Configuration.
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Figure T.

A) Ieft side view

Photograph of 0il Flow Pattern After Tunnel Shutdown on the

.0045 Scale NR (ATP) Orbiter at M = 20.3 and a = 51°; 4§, =

OO
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B) Top view

Figure T. - Photograph of 0il Flow Pattern After Tunnel Shutdown on the
.00k5 Scale NR (ATP) Orbiter at M = 20.3 and a = 51°; 8¢ = OC.
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C) Bottom view

Figure T. - Photograph of 0il Flow Pattern After Tunnel Shutdown on the
.00k5 Scale NR (ATP) Orbiter at M = 20.3 and @ = 51°; 5, = 0°.
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A) Right side view

Figure 8. - Photograph of Oil Flow Pattern After Tunnel Shutdown on the
-0045 Scale NR (ATP) Orbiter at M = 20.3 and a = 51°; 4, =

b J

-40°.
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B) Bottom view

Figure 8. - Photograph of Oil Flow Pattern After Tunnel Shutdown on the
.005 Scale NR (ATP) Orbiter at M = 20.3 and a = 51°; 8o = -40°.




C) Right side rear oblique view

Figure 8. - Photograph of 0il Flow Pattern After Tunnel Shutdown on the
.0045 Scale NR (ATP) Orbiter at M = 20.3 and « = 51°; &, = -LoC.
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s Reproduced from
A) Side view best available copy.

Figure 9. - Photograph of 0il Flow Pattern After Removal from Tunnel on a
.0045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and a = 00,




B) Top view

Figure 9. - Photograph of 0il Flow Pattern After Removal from Tunnel on a
' . 0045 Sca%e NR (ATP) Orbiter with External Tank at M - 20.3
and a = Q.
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C) Bottom view

Figure 9. - Photograph of 0il Flow Pattern After Removal from Tunnel on a

.0045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and a = Q°,




D) Oblique front side view

Figure 9. - Photograph of Oil Flow Pattern After Removal from Tunnel on a
.00L45 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and a = Q°,




Reproduced f
E) Oblique top side view best availablerocr:py_

Figure 9. - Photograph of 0il Flow Pattern After Removal from Tunnel on a
.0045 Scale NR (ATP) Orbiter with External Tenk at M = 20.3
and a = 0°,




A) Side view (rolled)

Figure 10. - Photograph of Oil Flow Pattern After Removal Ffrom Tunnel on a
0045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and a = -59,




B) Top view

Figure 10. - Photograph of 0il Flow Pattern After Removal from Tunnel on a
.0045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
.and @ = -5°,
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C) Bottom view

Figure 10. - Photograph of 0Oil Flow Pattern After Removal from Tunnel on s
.0045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and o = -50,




D) Front oblique view

Figure 10. - Photograph of 0il Flow Pattern After Removal from Tunnel on a
.0045 Scale NR (ATP) Orbiter with External Tsnk at M = 20.3
and a = -59,




E) Top-side oblique view

Figure 10. - Photograph of 0il Flow Pattern After Removal from Tunnel on &
.0045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and a = _500




F) Top oblique view

Figure 10. - Photograph of 0il Flow Pattern After Removal from Tunnel on a
.0045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and a = -5°,
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A) Side View

Figure 11. - Photograph of 0il Flow Pattern After Removal from Tunnel on a
.0045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and a = +5°,



€9

B) Side view (rolled)

Figure 11l. - Photograph of Oil Flow Pattern After Removal from Tunnel on a
-O045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and @ = +5°,




C) Top view -

Figure 11. - Photograph of 0il Flow Pattern After Removal from Tunnel on a

0045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and a = +59,
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Figure 11.

D) Bottom view

- Photograph of 0il Flow Pattern After Removal from Tunnel on a

.0045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and a = +50.
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E) Front-lower surface view

Figure 11. - Photograph of Oil Flow Pattern After Removal from Tunnel on a

-0045 Scale NR (ATP) Orbiter with External Tenk at M = 20.3
and a = +5°,




F) Top oblique view

Figure 11. - Photograph of 0il Flow Pattern After Removal from Tunnel on a
.0045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and a = +5°,




89

A) Ieft side view

Figure 12, - Photograph of 0il Flow Pattern After Removal from Tunnel on a

.00k5 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and a = 00,



B) ‘'l'op view

Figure 12. - Photograph of 0il Flow Pattern After Removal from Tunnel on a
.0045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and a = 00,
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C) Bottom view

Figure 12. - Photograph of 0il Flow Pattern After Removal from Tunnel on
.0045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and o = 0°,




D) Front oblique view

Figure 12. - Photograph of 0il Flow Pattern After Removal from Tunnel on
.0045 Scale NR (ATP) Orbiter with External Tank at M = 20.3
and a = 00,




A) Ieft side view (rolled)

Figure 13. - Photograph of 0il Flow Pattern After Removal from Tunnel on a
.0045 Scale NR (ATP) Ascent Configuration at M = 20.3, a= -5,




B) Top view

Figure 13. - Photograph of 0Oil Flow Pattern After Removal from Tunnel on a
.004k5 Scale NR (ATP) Ascent Configuration at M = 20.3, a = -5°.
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C) Bottom view

Figure 13, - Photograph of 0il Flow Patiern After Removal from Tunnel on a
.0045 Scale NR (ATP) Ascent Configuration at M = 20.3, a = -5°,




D) Front oblique view

Figure 13. - Photograph of 0il Flow Pattern After Removal from Tunnel on a
.0045 Scale NR (ATP) Ascent Configuration at M = 20.3, a = -5°,
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A) ILeft side view

Figure 14. - Photograph of 0il Flow Pattern After Removal from Tunnel on a
.00L45 Scale NR (ATP) Ascent Configuration at M = 20.3, a = +5°.



B) ILeft side view (rolled)

Figure 1L, - Photograph of 0il Flow Pattern After Removal from Tunnel on a
.0045 Scale NR (ATP) Ascent Configuration at M = 20.3, a = +5°,
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C) Top view

Figure 1k, - Photograph of 0il Flow Pattern After Removal from Tunnel
.0045 Scale NR (ATP) Ascent Configuration at M = 20.3, a

on a
—} -I—So'
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D) Top view close-up

Figure 14, - Photograph of 0il Flow Pattern After Removal from Tunnel on a
.0045 Scale NR (ATP) Ascent Configuration at M = 20.3, a = +5°




E) Bottom view

Figure 1h4. - Photograph of 0il Flow Pattern After Removal from Tunnel on a
.0045 Scale NR (ATP) Ascent Configuration at M = 20.3, a= +5°,




F) Front oblique view

Figure 1h. - Photograph of 0il Flow Pattern'After Removal from Tunnel on a
.0045 Scale NR (ATP) Ascent Configuration at M = 20.3, a= +5°,
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Figure 15. - Photograph of Electron Beam Illuminated 0il Flow Pattern
on a .0045 Scale NR (ATP) Orbiter with External Tank at
M = 20.3 and a = 0°,




Figure 16. - Photograph of Electron Beam Illuminated Oil Flow Pattern
on a .004k5 Scale NR (ATP) Orbiter with External Tank at
M = 20.3 and a = -5°,
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Figure 1T7. - Photograph of Ele¢tron Beam Illuminated 0il Flow Pattern on ao
.0045 Scale NR (ATP) Ascent Configuration at M = 20.3, a = +5°.




Figure 18. - Photograph of Electron Beam Illuminated 0il Flow Pattern on a
.00L45 Scale NR (ATP) Ascent Configuration at M = 20.3, a = =59,
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NOTES: m,w
1. POSITIVE DIRECTIONS OF FORCE COFFICIENTS c Yo
MOMENT COEFFICIENTS, AND ANGLES ARE c T e
INDICATED BY ARROWS. c
2. FOR CLARITY, ORI!GINS OF WIND AND STABILITY " ‘ 7 i
AXES HAVE BEEN DISPLACED FROM THE CENTER -~

OF GRAVITY.

<l

Figure 19. - Axis systems.
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BDATA AT SYMBOL

(3030203
1303018)
(308018)

csosoiry O

CN

1.8
1.7
1.6
1.5
1.4
1.3
1.2
1.1
1.0
0.9
0.8
0.7
0.6
0.5
0.4
0.3
0.2
0.1
0.0
-0.1

EFFECT
(AIMACH

CONFIGURATION DESCRIPTION ELEVTR " AILRON RUDDER ADFLAP REFERENCE INFORMATION
HE.T. 809 NAR ATP ORS (BICIDIFING) (WIET) (VIKIRY) 0.000 0.000 0,000 9.000 SREF 9.3900 SQ.IN,
HE.T. 409 NAR ATP ORB(B81C1D1F1NM1) (WEIEL) (VIRTIR1) 0.000 Q.000 0.000 0,000 LREF 2.3400 INCHES
WE.T. 409 NAR ATP ORB(B1C1D1F1IM1) (W1E1) (VIX1RY) -20,000 0.000 0.000 0.000 BREF 4.5300 INCHES
HE.Y. 409 NAR ATP ORB(BiC1D1F1iM1) (WIEL) (VIK1RY) «-40,.000 0.000 0,000 0.000 XMRP 3.8830 INCHES

YMRP 0.0000 INCHES
ZMRP 00,0000 INCHES
SCALE 0.0045 SCALE -
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DATA STY SVMBOL COMFIGURATION DESCRIPTION ZLEYTR AILRON RUDDER BOFLAP REFENENCE INFORMATION

CL

€ 303020) HE.T. 409 NAR ATP ORB(BICEDAIFINID (WLEL) (VIRIRD)D 0.000 0.000 0.900 0.000 SREF $.3900 $G.1%W,
ts0s%018) HE.T. 409 NAR ATP ORB(BI1CI10IF1M1) (WIEL) (VIKIRY) G.000 0.G00 a,000 §.000 LREF 2.3400 INCKES
1303018) ME.T. 409 NAR ATP ORB(B1C1DIFiM1) (WLE1) (VEIKiR1) -20.000 0.000 Q.000 0.000 BREF 4.5300 INCHES
(§-1-33.38 3 o) HE.T. 409 NAR ATP ORDB(BI1C1D1F1M1) (WIEQ) (VERiR1) <-40.000 0.000 0.000 0.000 XHRP 3.8850 ITNCHES
YWRP 0.0000 INCHES
ZMRP 0.0000 INCHES
SCALE 0.0048 SCALE
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BAYA SEY SYMBOL CONFIGURATION DESCRIPTION ELEVTR AILRON RUDDER BDFLAP REFERENCE INFORMATION

CDF

(303020 @ MEZ.T, 409 NAR AYP ORB(BICIDIFIM1) (W1EL) (VIKIRY) 0.000 0.000 0.000 0.000 SREF 9.3500 3Q.IN.
(308013 ME.T. 409 NAR ATP ORB(B1CIDIF1IM1) (WIEL) (VIK1IRY) 0,000 a.000 0.000 0.000 LREF 2.3400 INCHES
1303018) HE.Y. 409 NAR ATP ORB(BIiCiDiFIMi) (WIE1) (VIKIR1) ~-20,000 0.000 0,000 0.000 BREF 4,5300 INCHES
(SOs01?) o HE.T. 409 NAR ATP ORB(B1C1D1FiIM1) (WIE1) (VIKIR1) +40.000 0.000 0.000 0.000 XMRP 3.8850 INCHES
YMRP 0.0000 INCHES
ZMRP 0.0000 INCHES
SCALE 0.004S3 SCALE
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DATA SEY SYMBOL COMFIGURATION DESCRIPTION ELEVIR  AILRON RUDDER BOFLAP REFERENCE INFORMATION

£

L/0DF

{803920) ME.T. 402 NAR ATP ORB(B1C101FIMI) (WIEL) (VERIRY) 0,000 0.000 0.900 0.000 SREF 9.3900 SQ.IN.
{30301%) ME.T. 409 NAR ATP ORB(B1C1DLFIM1) (WMIEL) (VIR1RY) 9,000 0.000 0.000 Q.000 LREF £2.34060 INCHES
(308018) HE.T. 409 NAR ATP ORB(BICi1D1F1IM1) (WIE1L) (VIRIR1) -20.000 0,000 0.000 0.000 BREF 4.3300 INCHES
(3$0O3017) o HE.T. 409 NAR ATP ORB(B1C1D1FiIM1) (WIEYL) (VIR1IRE) -40,.000 0.000 0.000 0.000 XHRP 3.8850 INCHES
YMRP 0.0000 INCHES
ZMRP 0.0000 INCHES
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DATA 3TY SYMBOL CONFIGURATION DESCRIPTION OLYBTA ELEVYR AILRON BDFLAP REFERENCE INFORMATION

DCY/0B

tADOSCRE) Eg HE, T, 405 NAR ATP ORB(BICID!?INI)(UiEl)(V!KIﬁ!) -4.%00 0.000 a.000 0.000 SREF 9,3900 SQ.IN.
taAGsCeY)Y ME.T. 409 NAR ATP ORB(BICIDiFIM1) (WIE1) (VIKIR1) -2,230 0,000 0.000 0.000 LREF 2.3400 INCHES
BREF 4,3300 INCHES
XMRP 3.8850 INCHES
YMRP 0.0000 INCHES
ZMRP 0.0000 INCHES
SCALE 0.00458 SCALE
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DATA STY SYMBOL  CONFIGURATION DESCRIPTION ELEVIR AILRON RUDDER BOFLAP REFERENCE INFORMATION

130s020) ME.T. 409 NAR ATP ORB(BI1CIDIFIM1) (W1EL) (VIKLIRE) 4,000 0.000 Q0,000 0.000 SREF 9,3900 S@.IN.
(808031 LRC P2HE-409, ATP ORBITER ¢ EXTERNAL TANK (T1) 0.000 0,000 0.000 0.000 LREF 2,.3400 INCHES
BREF 4,3300 INCHES
XMRP 3.8830 INCHES
YMRP 0.0000 INCHES
ZMRP 0.0000 INCHES
SCALE 0.0043 SCALE
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ODATA SEY 3YMBOL CONFIGURATION DESCRIPTION ELEVIR AILRON RUDDER- BDFLAP REFERENCE INFORMATION
(303080 WE.T. 409 NAR AYP ORB (B1CI1DIF1IM1) (WI1E1) (VIKIR1) 0.000 0.000 0.000 0,000 SREF 9.3900 3Q.IN.

CL

(303031) LRC 2EHE-409, ATPF ORBITER ¢ EXTERNAL TANK Ty 0.000 0.000 0.000 0.000 LREF £2.3400 INCHES

RuRP 3:33%0  InchEs

YMRP 0.0000 INCHES

ZMRP 0.0000 INCHES

SCALE 0,00453 SCALE
.55 :ln  ARSSARSASARANS LARSRAAAAASAARE ARARN RARA !lll'- .55 mﬂmmmm LI
S0 . S0 £ ;
.40 T / : .40 £ -
035 ; j-‘ ; .35 ; é
.30 ¢ r : 30 -
.25 ¢ : .25 £ ; ]
.20 £ ] .20 £ i ]
.15 : : .1'5--E N I ]
.10 : :_l .10 : a . :
o 10 - $ .
.05 . .05 £ 'y 52 :
.00 : .00 £ 1 e
C 3 = A 7
-.10¢ 3 -.10F =~ ]
R ] ~ISE N :
-.20F -.20F \k
_.25+ £ ] _.25E A+
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BATA SET SYMBOL COMFIGURATION DESCRIPTION ELEVTR AILRON RUDDER BOFLAP REFERENCE INFORMATION

t 308020 HE.T. 2409 WAR ATP ORB(BICIDIFIML) (WEELD (VIRLIRY) G,T00 G.000 Q. 0C0 0.000 SREF 9.3900 8Q. 1IN,
(303031 LRC 22HE-409, AT® ORBITER < EXTERNAL TANK (T1) 0,000 0,000 0.000- 0.000 LREF 2.3400 INCHES
BREF 4,.3300 INCHES
XMRP 3.8830 INCHES
YMRP 0.0000 {NCHES
ZMRP 0.0000 INCHES
SCALE 0.00453 SCALE
.60 th LAARSARARARARAN LARRARERAS LERRERLRAE LAREE REARA .80 W;nmnnnnmmnﬂmmmﬂm T (LR 21 UL L L ALLS L
L n L .
0995 T . 099 T .
.50 T . .50 T+ .
- - - -
b - - -4
435 T . 45 T .
40 T ] .40 T ]
.35 f ] .35 £ ]
w .30 | { 4w 030 n
o - / 18 n // :
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OATA SET SYMBOL CONTIGURATION DESCRIPTION ELEVTR ATLRON RUDDER BOFLAP REFERENCE INFORMATION
t303020) Q HE.T. 409 NAR ATP ORB (B1C1D1FIM1) (WIEL) (VIKIRYE) 0.000 0.000 0.000 0.000 SREF 9.3900 S$a.IN.
(308031 LRC PR2HE-409, ATP ORBITER ¢ EXTERNAL TANK (T1) 0,000 Q.000 0.000 0.000 LREF 2.3400 INCHES
BREF 4.5%300 INCHES
XMRP 3.8830 INCHES
YMRP 0.0000 INCHES
IMRP 0.0000 INCHES
SCALE 00,0048 SCALE
2. 0 3 ™11 LS S A | 1 L S LI | ——1—t 11 v ' T ] L R B S A L 3
3 hdinn = o N
1.2 £ —7 3
0.8 £ 5 E
w 0.4 £ )3// 3
O * 3 : 3
~N E 4 =
- 0.0 £ e
e A 3
3 =LY 3
0.4 % B E
3 T :
‘0.'8 = i Q 4 3
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DCY/DA

DCYNDA

DCBLDBA

LRC 22HE-409., ATP ORBITER + EXTERNAL TANK (T1) (AQSC30)

SYMBOL, MACH PARANETRIC VALUES

REFERENCE INFORMATION

C) 290.3%00 BETA 2,000 ELEVTIR 0,000 SREF 9.3900 3Q.1N,.
DLYALN £20.000  RUDDER. 0.000 ;:g: f':;gg ::g:gg
BOFLAP 0.000 XMRP s:seso INCHES
YMRP 0.0000 1INCHES
ZMRP 0.0000 INCHES
SCALE 0.0043 SCALE
. 0000 e e et
A PN i Nl L7
,\___,.——’&1 w
-.0004 ——
-.0008
1 1.1 1 1 1 L 11 1. 11 L1t L1 1 1411 L1 L 11 1 11 1L L 1t 4.4 1 11 L 11 111 | I |
-6 -14 -12 -10 -8 -6 -4 -2 >~ ‘2 & 8 10 12 14 1©
ALPHA
. 0016
Ll {:)
. 0008
—— =~
. 0000 — ) —
-. 0008 - —— . :
a2 Si0 -8 -6-4-2 6 2 4 ®© 8 10 12 14 16
ALPHA
L0020 TR T [ 100 i
T~y )
.0016 —a P
.0012 o
.
.0008 S~
HI‘\—§___(\
. 0004 O— - T
L0000 {11t ~8 -6 -4 -2 0 2 4 6 8 10 12 ‘T2 16
ALPHA
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DATA STY SYmaoL CONFIGURATION DESCRIPTION ELEVIR AILRON RUDDER BOFLAP REFERENCE INFORMATION
13030802) g LRC PPHE-409,ATP ORB (BI1C1D1FIM1) (WI1XE1) (VIKLIR1) -20,000 g.000 0.000 0,000 SREF 9.39%00 $Q. 1IN,

CN

(303007) LRC PEZHE-409,ATP ORB (B1CID1F1M1) (WIXE1) (VIK1R1) -20,000 20,000 0.000 0.000 ;:E; E.::gg ::g:g: ,
o 3.0000  INCHES
IZMRP 0.0000 INCHES
SCALE 0.0043
1.8 :YII AL LA RARAR ARAARLELAT LAR LARRL AR ALARAARLANALRERLI l"- 1.8 :Il IR2ARSA0 RAREARRELARAAARASRARARAE LA AR RAR ll-‘
1.7 £ . 1.7 £ .
1.6 £ yome| 1.6 £ i :
1.5 £ . 1.5 £ :
1.4 T : 1.4 £ l> ; :
C 3 = R ]
103 - - 1.3 - A :
1.2 d : 1.2 A1 ]
1.1 ] 1.1 E ,,A ]
1.0 £ . 1.0 £ F’/ .
ot é “F 3 F 5
p: 15 E /A E
0.7 - 3 0.7 - Pf E
0.8 ; ; 0-6 ; ?' ;
o 3 - 3
0.5 ; = 0-5 ~ . [,-J/' 3
N -4 - -
0.3 £ . 0.3 E ' -
0.2 £ : 0.2 £ :
0.1 £ 3 0.1 . :
0.0 ¢ : 0.0 £ :
-0. 1 FUTHY 6“ .ui 6“ .Auza“ .u.a.o... “‘46“ .--s.o.. .s.a -0. 1 ‘.. AJ_T .:. J.ﬁ. FUvS P :: 6.8. oY W -‘_‘_: l.é il
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EFFECT OF AILERON DEFLECTION ON LONGITUDINAL CHARACT. OF MODIFIED ORBITER
CAJMACH = 20.30 PAGE . 11



DATA SET SYMBOL CONFIGURATION DESCRIPTION ELEVIR AILRON RUDDER BODFLAP REFERENCE INFORMATION

CL

{308002) Ea LRC 22HE-40G9,ATP ORB (BI1CIDLIFIME) (WIXEL) (VIKEIRL) -20.000 9.000 0.000 0.000 SREF 9.3900 sSa.IN,
{ 303007) LRC 22HE-409,ATP ORB (BICIDIFIMY) (WIXEL) (VIKIRY) -20.000 20.000 9.000 a.000 LREF 2.3400 INCHES
BREF 4,7630 INCHES
XMRP 3.8830 INCHES
YMRP 0.0000 INCHES
ZMRP 0.0000 INCHES
SCALE 0.0045%
1.2 _1” AR RALARLALRAAARARRE AL RARAARIRERAEENLE Ty lll- 1.2 —'l IA8AREAS LARRAAARAAL) IARSRARSREARAARRRARARAL) llL
- - - 1
- - - -
- ; - .
1.1 . 1.1 £ .
. p [~ ]
1.0 F : 1.0 £ .
0.9 + ¥ . 0.9 + A .
- - . [ . ;
C - : e .
0.8 ¥ . 0.8 £ . .
- - - . -
- - - -l
- - - -
0.7 : R 0.7 : ‘a :
t ] - Z : N
0.6 + . 0.6 + ‘ .
0.5 + 13 0.5 + .
s -l = -
- - - )4 3
0.4 L o 0.4 — -
0.3 - - 003 - -
L . o N
r— - — -
0.2 F . 0.2 + .
b - = -
- . - .
- . - -
0.1 + - 0.1 + .
0.0 - 0.0 F .
-0, 1 10" 50" 90" 40" S0 6D -0.1 00 =08 T
ALPHA CLM
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OATA SET SYMBOL CONFIGURATION DESCRIPTION ELEVTIR AILRON RUDDER BOFLAP REFERENCE INFORMATION
(3n3a00e) g LRC 22HE-409,ATP ORB (BI1CIDIFIM1) (WIXEL) (VIKIRY) -20,.000 0.000 0.000 0,000 SREF 9.3900 SG.IN,

CODF

1303007) LRC B2HE~409,ATP ORB (B1CIDIFIM1) (WI1XE1) (VIK1R1) -20.000 20.000 0.000 0.000 LREF 2.3400 INCHES

BREF 4.7630 INCHES

XMRP 33,8830 INCHES

YMRP 0.0000 INCHES

ZMRP 0.0000 INCHES

SCALE 0.00453
1.8 :IIY LA RLARARAARAE LARRA LAARS LARAS LARR] RARRS RARMA LRAAEALALE LAL 1.6 _ll 02 RRRARAARAAAARARRAARRREARSARARAARALEARREAE LRLASLEL)
1.5 ¢ . 1.5 £
1.4 ¢ . 1.4 £ .
s ] = A | ]
1.3 ¢ ] 1.3 S
1.2 £ ‘/P ] 1.2 z —
1.1 % ﬁ‘ . 1.1 £ :
1.0 ¢ ﬁ ] 1.0 £ .
0.9t ] 0.9 T .
0.8 £ : 1, . 0.8F ]
: : 18 = ]
0.7 t [ 1° 0.7 £ ]
0.6 T ] 0.6 t 2 ]
0.5t ] 0.5 ¢ ]
s 3 = 3
0.4 T : ] 0.4 £ ]
0.3 ; 0.3 :
0.2 f | ] 0.2 £ é@’ :
0.1 ¢ . 0.1 ]
0.0 Sutgeluig s a5 40“‘§L“‘o “B0 0.0 Sglgresttgiy gy
ALPHA CL
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CAF

OATA SEY 3YMBOL CONFIGURATION OESCRIPTION ELEVIR AILRON RUDDER BDFLAP REFERENCE INFORMATION

L/0F

(303002 g LRC E22HE-409,ATP ORB (BIC101FIMI) (WIXEL) (VIRIRT) -28,000 0.000 €.000 0.000 SREF 99,3900 s$a.1IN.
(303007) LRC 22HE-409,ATP ORB (B1CIDIF1IM1) (W1XEL) (VIK1IR1) -20,.000 20.000 0.000 0.000 LREF 2.3400 INCHES
BREF 4,7630 INCHES
XMRP 3.8850 INCHES
YMRP 0.0000 INCHES
i ZMRP 0.0000 INCHES
SCALE 00,0043
2.0 SR ™1 T L B S SR SR L] ™1 T Tt LIRS T 1T LI B | LI G I | =111 1t
3 e e
l - 6 - 3
1.2 £ iL‘T& E
3 - :
0.8 t <y E
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- o
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OATA SEY 3YMBOL CONFIGURATION DESCRIPTION ELEVTR AILRON RUDDER BOFLAP REFERENCE INFORMATION

CN

t 353001 g LRC BEHE-409,ATPE ORB (B1CIDIFIM1) (W1XEL) (VIKIR1) a.000 0.000 0.000 0.000 SREF 9.3900 SQ.IN.
(303003 LRC 2PHE-409,ATP ORB (B1C1D1F1IM1) (WIXEL) (VIKIR1) 0.000 0.000 0.000 -16.000 LREF 2.3400 INCNHES
($N300Y) 8 LRC P2HE-409,ATP ORB (B1C1D1FIM1) (W1XE1) (VIKIR1) -40,000 0,000 0.000 0.000 BREF 4,7630 INCHES
(308004} LRC 22HE-409,ATP ORB (BI1CIDIFIM1) (WIXE1) (VIKIRY) -40,000 0.000 0.000 -18.000 XMRP 3.88350 INCHES
YMRP 0.0000 TNCHES
ZMRP 00,0000 INCHES
SCALE 0.0043
1.8 agtdi MRLELALEIAARLEIRRLELRLRL LIRS LRIRE LLARI RARLE LALL) naln 1.8 aaRASASAAARAARAARSANASSASEKALALARARALE RAAS RARE LR
- a - A p =
ol . - - -
1.7 £ E 1.7 £ E
o 3 - '3 3
1 ) 6 - - 1 . 6 - j
1 e 5 - - l L] s s 3 -
- -4 = -
C t - q_ . d 3
1.4 f 5 1.4 E1E E
1.3 F = 1.3 F * -
g E E \ // E
1.2 : Lz 7] 1 -
o - = o -4
- o = " 3
1.1 F 3 1.1 E T 3
E 3 = lL /‘;3 3
1.0 £ : 1.0 £ E
- p = 3
0.9 £ - 0.9 £ ]
0.8 ¢ 1= 0.8 £ < =
5 38 E E
0.7 £ E 0.7 E =
- = n - 3
0.6 £ : 0.6 £ ]
. F é J - » 3
0. 5 L - 0. 5 - ¢ =
= 0 5 - -
C E - 3
0. 4 - - 0. 4 — -
_ = 3 = [ﬁ : 3
0.3 ¢ 3 0.3 £ 2 ]
0.2 ¢ 3 0.2 £ .
0.1 T 3 0.1 £ .
0.0 £ - 0.0 £ -
-0.1 N .0“. ...i 6.. ....2.0“. “.é.o... ...46“ .nsau AUGD _0. 1 N PVTY I PR FUTY FUTE FUTY PTEY PN RS FTON PUWS P
[ Jo - a 08 haatt 16
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DATA JEY JYWBOR CONTIGURATION DESCRIPTION ZLEVTR  AILRON RUDDER  QBOFLAP REFENENCE INPORMATION

[ttt L) g LRC 22%E-QBO,ATP ORD (DICIBIFINI) (WIXEL) (VARINGD 2,029 a.000 @.000 0.000 SREF ©.390C 9@.1IN.
(90309%) LRC 22MT-409,ATP ORC (BL1CIDIFEML) (WIXER) (VEiRIRAD 9.208 0,000 0.000 -18,000 LREF 2.3400 TNCHES
1303093 LRC 2BHE-489,ATC ORB (B1C1DIFIMI) (WIREL) (VERIRE) =40.000 0,000 0,000 9.000 BREF 4,7330 ~ INCHES
1503004 Y LRAC 22HE-409,ATP ORB (B1CIDIFPINL) (WiIXEL) (VERARY) -40.000 0,000 9,000 -16.000 XMRP 3.8880 INCHES
YHURP ©.0000 INCHES
ZMRP 0.0000 INCHES
SCALE 0.0045
102 LA AES LEAA LA LUACE ML LU AL DR T U (L 102 (ALS AR RRLE LARNAARALLAN ALL LI LARE LA RARERARS LERE
L E = -
- - = -
1.1 i.1

T
TN
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DATA SET SYMBOL CONFIGURATION DESCRIPTION ELEVIR AILRON RUDDER BDFLAP REFERENCE INFORMATION

COF

({3$N3001) 8 LRC ZEHE-409,ATF ORB (B1CI1D1FIM1) (WIXEL) (VIKIRY) 0.000 0.000 0.000 0.000 SREF 9.3900 SQ.IN.,
(303003%) LRC P22HE-409,ATP ORE (B1C1D1FIM1) (W1XE1) (VIKIR1) 0.000 0.000 0.000 -~18.000 LREF 2.3400 INCHES
(353003 LRC 22HE-409,ATP ORB (B1C1D1F1IM1) (W1XE1) (VIK1R1) -40,000 0,000 0.000 0.000 BREF 4.7630 INCHES
{303004) LRC Z2HE-409,ATP ORB (B1CIDIFIMT) (WI1XEL) (VIKIRY) -40,000 0.000 0.000 -18,000 XMRP 3.8850 INCMES
YMRP 0.0000 INCHES
ZMRP 0.0000 INCHES
SCALE 0.0048%
1.8 :lll AR AA1RAREARRARIRAAS LA 0ARAALAARLRARAI MARABLERRLRAREE l'l‘ 1.6 : 128 LARARAARARARARARAAARARAL! 182884080 LAAARAARAS A4 R} l'l-‘
- ] - .
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s o 3 E o .
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- . - 1 ;
- . - ]
1.1 T ] 1.1 T ]
- - - -y
. ] - ]
- . = ]
l. 0 - o 1. 0 - £ =
0.9 T -] 0.9 T -
- . - 3
0.8 + 1 0.8 £ .
. i9 = .
0.7 T ] 0.7 T .
C 7 ~ =
= - e -
0.6 T ] 0.6 T 7]
o 3 - 3
0.5 T 3 " 0.9 F ]
- . - ]
0.4 T . 0.4 T 7]
0.3 T 3 0.3 ¢ .
8.2 T 3 0.2 T .
o ] — 1
0- 1 - - 0- 1 . -
o . - 3
N ™ . N e AL 2 a2 2 v rews Fowwe e Fowe roww ‘-
0.0 “¥5“*“1% %ﬁ“ 0~40 43““€b 0.0 3% 0v4 0.8
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L/0F

CAF

DATA BETY 9VHIL CONZIGURATION DEICRIPTION BLEVIR

(203804 ¥ 8
(353383}

908903
¢ 30s800e)

LRC 28ME-400,ATP ORG (BICIDITLIMA) (WINEL) (VEIRIRTL)D 0,630
LRC 22HE-409,ATP ORB (GICIDIFINME) (WIXED) (VIRIRY) 0.000
LRC 82HE-409,ATP ORB (BLC1DIF1M1) (WIXEQ) (VIRIR1) -40,.000
LRC 22HE-409,ATP ORB (B1CIDIFIMI) (WiXEL) (VIKIRL) -40,.000

ATLRON
Q.0a0
©.030
0,000
Q.000

RUBRER  BBFLAP REFPERENCE INRTPERIVATION

Q.000 Q.000 SREF 3,3000 8Q.1IN,

0.000 -28.000 LREF 2,34090 INCHES

0.000 0.000 BREF 4,730 THRCHES

G.000 -96.000 XMRP 3.6630 THNCHES
YMRP G.0000 INCHES
ZMRP 0.0000 TNCHES
SCALE 0.0045

2.0

LA LR SR iy LR BLERLAR B T ¥ X

L AL AL

v 5§ 117 LBLER R T U 11 T 117V

T 1 1t ¥

1.6

1.2
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APPENDIX

TABULATED SOURCE DATA

ﬂ%e [

Plotted data tabulations availlable
on request from the DMS.



OATZ 26 MAR 73

20,300
20,300
20,300
20,300
20,300
20,300
20,300
20.300
20,300
20,300
20,300
20,300
20,300
290,300

REFERENCE DATA

9,.33%00 34,1IN,
3.9720 INCHES YWMRP =
4.7630 INCHES 2MRP

ALPHA
16.000
20,000
23.000
2¢,000
28,000
30,000
33.000
38,000
39.000
42,000
43,000
48.,00G
$1.000
$4.000
GRADIENT

XMRP =

SOURCE DATA TABULATION, LARC TEST 22-409

LRC BEHE-409,ATP CRE (B1CIDIF1IML) (WIXEL) (VIKIR1)

RUN NO, 0

.3%912
+41690

63939
«72930
.80118
.92017
1.06938
1.168383
1.3222¢
1.43161
1.34297
1.64921
1.74621
03737

3.88350 INCHES
.0000 INCHES
= L0000 INCHES

RN/ =

CAF

.03488
.08463
05334
.05318
03241
05260
.0350%8
+04891

04718 -

04442
04161
.03928
.033598
03291
-,00021

:

;

4,30 GRADIENT INTERVAL = 18,00/ 30.00

M
-.012%7
-.01352
~.01780
-.02178
-.02601
=-.02901
-.03503
~-.04247
~.04818
-.03328
-.06093
=.06450
~.06846
-.0r257
-.00142

00101
.00114
.00001

PAGE

(ROS001) ( 27 NOV

PARAMETRIC DATA

.000
.000
.000

a
32459
.37306
47006
.55138
.61933
66754
75066
.83640
89187
95291
98288
1.00328
1.00993
99977
02917

ELEVIR =
RUDDER =

COF
+16317
19393
25747
32808
36866
.44814
.34028
.668814
78293
oY
1.04173
1.17293
1.30430
1.43203
.02370

b~ S

re )

LOF
1.90923
1.92334
1.82369
1.68064
1.59349
1.49625
1.36913
1.25183
1.13018
1.03828

94331

83335

«TTA31

.69814
~.04129



BATZ B8 SAR 73 SOURTE BATA VABULATION, LARC TEIT E2-4L% PAGE [
LRC E2ME-4T9,ATP CRE GICIDIFIME) (WHXEL) (VAIKIR1) (ROSOT2) (27 NOV 72 )
REFLRENCE DATA PARAMETRIC DATA
SREF = 9,3900 3, N, RR> = 3.8830 INTHES BETA = .000 ELEVIR = -20,000
LREF = 3.9720 INCES VYMRP = JOTUD INCHES . AILRON = +000 RUDDER = .000
SREF = 4,.7830 INCHES. 2MRP = G368 INCHES BOFLAP = .000
SCALE = .0043
RUN NO. 2/0 Rl = 4.39 GRADIENT INTERVAL = 18,00/ 30.00
HACH ALPHA BETA o™ CAF M L (o} (44 cL coF L/OF
£0,300 168,000 .00D000 Sz +03463- -.00128 00078 -=,00026 00013 +28939 »13188 1.91072
20,300 20,000 00000 +37310 05300  -.00178 -000%S -.00024 00004 33433 .17010 1.87733
20,300 23,000 »0000Y 48039 03183 =, 00259 00079 ~.00034 .00047 42213 23349 1.79259
£0,300 26,000 00630 JSrrre .Q3038 -.00388 .00068 ~.00034 .00080 49704 29878 1.66334
20,300 28,000 LOCOn0 58043 .04932 -.003509 00043 -.00069 .00ort «35999 35361 1.38363
20.300 30,000 Ko e oiia) JeR268 04769 -.00812 00062 -.00074 00133 60184 40254 1.49512
0,300 33.000 .0D000 84198 04420 -.00872 .00043 =.00096 00129 68163 49620 1.37371
20,3%50° 38.000 +00000 98839 04032 -.C1273 .00018 -.00112 00152 «75991 60194 1.26243
29,300 39.000 +Onono 1.0703%4 03710 -.01484 00024 -.00131 00184 .80839 70253 1.15097
20,300 42,000 00030 1.,20079 JO3194 -.01887 .00017 -.00151 00236 -.87093 ez2re2 1.052%0
20,300 43.000 .D0000 1.30221 L0271 ~.02186 -.0o0022 -.00172 00278 S0163 93997 93921
20,300 48,00 -00000 1.39733 02264 -. 02281 -.00022 -.00176 00349 .91818 1.05383 87124
20.300 31.000 00000 1.50144 01892 ~-.02320 -.00031 -.00178 00361 93174 1.17749 79130
20,300 S4.000 00000 1.38027 01169 =~.02304 00008 -.00183 00387 +91940 1.28334 71530

GRADIENT +~00000 03393 -.00053 -.00037 -.00002 -.000035 00010 02662 02113 -.03342



DATE 28 WAR 73 © SOURCE DATA TABLLATION, LARC TESY 22-409 PAGE 3

LRC ZBHE-409,ATP ORB (BI1CIDIFIML) (WIXE1) (VIKIRY) (ROS003) (27 NOV 72 )
REFERENCE DATA PARAMETRIC DATA
SREF = 9.3900 SA.1IN, WRe = 3.8830 INCHES BEYA = .000 ELEVIR = =40,.000
LREF = 3.9720 INCHES YWRP = .0000 INCHES AILRON = 000 RUDDER = .000
BREF = 4.7830 INCHES 2WRP = +0000 INCHES BOFLAP = .000
CALE = 0048
RUN NO. S/ 0 RN/L =  4.30 GRADIENT INTERVAL = 18,00/ 30,00
MACH ALPHA BETA N CAF aM cBL CYN cy (=8 COF L/0F
20,300 18,000 .00000 +30480 .0s038 00239 .000TY .00018 -.00069 27097 .15174 1.78577
20,300 £9,000 00000 33600 05910 00321 .00043 »00009 -.00069 +31432 17730 1.77280
20,300 23,000 -00000 +46003 03797 00333 .00037 -.00007 -.00048 .40081 23311 1.71938
20,300 26,000 .00000 33183 05638 00313 00018 -.00018 -.00037 .47120 29277 1.60943
20,300 28,000 +00000 62800 035369 00268 -.00009 ~.00029 -.00039 52635 +34400 1.53387
20,300 30,000 +00000 -.89134 .03300 00234 -.00003 ~.00040 -.00010 .5T139 39341 1.45242
20.300 33.000 -00000 2179921 03294 00133 =-.00020 -.00031 -.00032 64144 47968 1.33722
20,300 36.000 .00000 91938 03024 .0002¢ -.00036 -.00072 - 00009 71423 .38103 1.22929
20.300 39,000 .00000 1.01682 L4763 -.00071 -.00033 -.00082 -.00015 . 76009 67680 1.12307
20,300 42,000 ~00000 1.133574 04340 -.00199 -.00068 -.000%0 .00029 .81498 9221 1.,02874
20,300 43.000 +00000 1.23129 03981 -.00249 -.00110 -.00110 .00034 .84250 89880 93736
£0.300 48,000 -00000 1.32482 03683 -,00147  ~-.00114 -.00109 .00032 .85910 1.00891 .85152
20,300 st.000  ,00000 1.41198 03173 .000a3 -.00103 -.00120 .00068 86391 1.11730 .T7321
20,300 34,000 -00000 1.4799%4 02730 00292 -.00080 -.00123 .00104 .84780 1.21334 .89874

GRADIENT -00000 03268 =.00048 -.00003 -~.00006 -.000035 .00003 02349 02023 ~.02843



BATE ©3 MAR ¥3 SOURCE DATA TARLLATION, LAREC TEST ZR-£3D PAGE 4
LRC 2B+E~409,ATP CR3 (BICIDIFINI) (WA NEL) (VARIRT) (ROGDO4) (B9 NOV 7B )
REFERENCE DATA PARAMETRIC DATA
WEF . ©.3930 SQ.IN, WRP = 3.6850 INCHES BETA = 000 EEVIR T -40.000
5P w 2.,9720 INCHES VIR® = L0030 INCHES AILRON = 000 RUODER © .000
8REP a 4.7830 INCHES 2MRP = .80a7 INCHES BOFLAP = -18.000
ACA\E = 08438
RUN ND, S/ C L= 4,50 GRADIENT INTERVAL = 168,00/ 30,00
MACH AL®RA BEYA N CAF oM cBL VN (o g L OF W,
£0,390 10,000 .5AGOD 29832 08009 00387 ,00048 -,60011 -.00042 26343 +14943 1.77e3%2
20,300 20,600 30000 34926 .038s3 00443 .00034 -, 60018 -,00083 .30807 .17478 1.76288
06,380 23,000 GO0 43346 05772 L0518 00016 -.00023 -.00102 39670 23109 2. 716350
20,300 28,000 06030 - 34283 08629 00580 00012 -, 00032 -,00087 48304 28247 1.609%4
202,300 26,000 Ro7a0 0] 32138 05584 303D -,00000 -. 00037 -.00078 32270 34004 1.83320
20,300 30,000 G000 87728 03493 .0D%93 - . 00007 -.00051 -,00017 .33306 .38620 1,04732
20,300 33,000 Roieiais .T73350 .oszar .anse2 -.00017 -.0008? -.00002 .83023 47232 1.33434
20,300 32.000 U020 .90411 05044 00863 -, 30063 -.00088 -, 00059 LT0LTS 37223 1.82¢42
206,300 995,530 Roteza o il SOTE2 04728 00334 =.00074 -.000s8 -.00013 +P4A354 €343 1.121684
20,300 42,70 Raize sl $.248588 04363 00478 ~,00088 -, 00117 -.0007t + 75961 - T7389 1 .02686
20,300 43,000 00000 1.21404 04001 00428 -.00129 -, 00837 -,000435 .83073 .68731 93624
20,300 43,000 00000 .,30M83 03848 00603 -.00140 -.00447 .00Ca? .84400 .99183 85093
20,300 84,000 .00000  1.39408 03132 .00882 -.,00146  -,00157 ~.00031 .85250 1.20348 77258
20,300 54.000 00000 1.43508 02763 01147 -,00140 -, 00164 00014 .83880 1.20151 69612

GRADIENT 00000 03218 ~.00042 .00018 ~-.00004 -.00003 .00001 02509 .01993 -.02791



CATZ 26 MAR 7

20,300
20,300
20,300
20,300
20,300
20,300
20,300
20,300
20.300
20,300
£0.300
20,300
20,300
20,300

REFERENCE DATA

9.3900 34a,1IN,
3.9720 INCHES
4.7630 INCHES

.0043

ALPHA
18,000
£0.000
£3.000
26.000
28,000
30,9000
33.000
36,000
39,000
42.000
43.000
48 ,00G
31.000
34.000
GRADIENT

XRF = 3,.8850 INCHES
YMRP = +0000 INCHES
2RP = 0000 INCHES
RUN NO, & 0 RN =
BETA N CAF
.00000 35437 .03498
00000 41583 08489
.00000 53290 05451
00000 83783 03419
.0O0D000 . T2593 05383
00000 - 79498 05344
00000 +91661 05230
00000 1.08118 03079
.OD000 1.17479 04844
.00000 1.30787 04601
00000 1.42083 04370
.00000 1.52868 04106
00000 1.64442 03763
00000 1.73791 03482
.00000 03722 -.00Mm3

SOURCE DATA TABULATION, LARC TESY 22-409

LRC Z2ME-4D09,ATP QRB (B1C1D1FIML) (WIXEL) (VIK1IR1)

BEYA
ATLRON

4,30 GRADIENT INTERVAL = 18,00/ 30,00

am
~.01233
=.01377
~.01744
-.02127
-.02469
=-.02791
-.03303
-.03968
~.04519
-.03164
~.08643
-.06018
~.06418
~.06748
-.00131

cBL
~.00012
-.00023
-.00074
-.00083
-.00098
-.00109
~.00148
-.00204
-.00223
-.00218
-.00233
-.00303
-.00307
-.00270
-.00008

"N
-.00023
-.00021

cY
~.0002%
~.00012
-.00002

00031

PAGE

(ROSDO3) (27 NOW
PARAMETRIC DATA
000 ELEVIR =
.000 RUDDER =
-16,000
(=N COF
»32003 .16100
3779 +19374
.46924 +25840
54954 32832
+61569 38834
66173 ~A437?
74192 34417
82866 66484
.88230 Ras 14
94113 .90933
97358 1.03538
99237 1.16351
1.00362 1.30164

99335 1.42646
02901 02364

)

000
000

L/OF
1.97802
1.91905
1.61392
1.67377
1.58343
1.49119
1.363412
1.24640
1.13583
1.03500

+94031

-85291

77258

89637
~-.04103



BATE 23 MAR 73 SOURCE DATA TABULATION, LARC TEST 22-430 PAGE e
LRC E2ME-409,ATP CRB (B1CIDLFIMIY (WIXTL) (VIKIRE) (ROSODS) ¢ 27 NOV 72 )
REVERTNCE DATA PARAMETRIC DATA
NP = 9.3900 SQ.1., BR* = 93,8830 INCHES BEYA = 000 ELEVIR = -30,000
LREF = S.9720 INCHES YMRP ® GDC0 INCHES ALLRON = 10,000 RUDER = .000
SREF ® 4,7630 INCHES  ZWRP = ,0000 INCHES BOFLAP = .000
SCALE = 0043
RUN NO, /0 RNL 2 4,30 GRADIENT INTERVAL = 18,00/ 30.00
MACH ALPHA BETA ™ AP am L CYN cy =8 COF L/DF
20,300 18,000 L000GS 31291 05789 .0004% 00345 .00119 -.00077 27973 .15188 1.84428
26,300 £0.000 .G00G0 38471 05872 .0008s .00342 .00130 -.00019 32332 17804 1.81602
£0,300 23,000 0000 ATI23 .03529 .00048 .00330 .000as -.000588 41218 23501 1.7537%
20,300 £8.000 00008 -363%% .03408 -.00023 00378 .000s8 00027 .48318 .29%83 1,683332
20,300 #8000 OBT0 SBATV 05307 -.00088 .00430 .00043 00072 .54438 .3493%6 1.35733
20,300 30,000 00030 JTO4S2 .0%183 -.00158 .004453 .00029 .0onoT8 .58423 39732 1.4704%
20,300 33,000 K. s 04 .81980 K.Y 4 -.00373 00497 .00007 00111 66049 .4881% 1.35308
£0.300 36,000 Kool 94311 04637 -.00598 .00387 -.00018 00327 73573 59186 1.24308
£0.300 39,000 G000 1.,03138 .04338 ~.00805 .00645 ~.00038 00201 78977 59534 1.13581
20,300 42,000 .Go0D0 2.17108 .03874 -.01087 .00731 -,00049 00220 .84436 .81240 1.03933
20,300 43,000 0000 1.27057 03420 -.01213 00790 ~.00081 00242 87424 92261 .94758
£0.300 48,006 0000 1,35389 .03087 -, 01226 00899 ~.00077 00328 89369 1.03868 86041
£20.300 532 .000 .G0COD 1.46040 02360 -, 01089 .00992 ~.00084 .00408 .89916 1.15106 78116
29.300 S4.000 00000 1.54139 02123 -.00918 .01008 -.00102 .00453 .88883 1.25949 70570

GRADIENT .00000 03323 -.00047 -.00020 .00009 -.00008 .00013 02398 02066 -.03185



OATEZ B¢ WAR ™

£0,.300
20,300
20,30
20,300
20,300
20,300
20,300
£0.300
20,300
20,300
20.300
20,300
20,300
20.300

TH

20,300
20,300
20,300
20,300

20,320
23,300
20,300
20,300

20.300°

20,300
20,300
£20.300

REFERENCE DATA

9.39%00 3Q,1IN,

$.9720 INCHES YMRP =

4.7430 INCHES

0043

ALPMA
18,000
20,000
#3.000
26,000
28,000
s0.0m0
33,000
36.000
ss.000
a2.000
43,000
48,000
$1.,.000
34,000

GRADIENT

REFERENCE DATA

9.3900 SA.IN.

$.9720 INCHES YMRP =

4,7630 INCHES

.OD4S

18,023
20,023
z3.028
26,031
20,053
30.034
33,038
se.as?
39,038
42,039
43,039
48,039
91.038
GRADIENY

SOURCE DATA TABULATION, LARC TESY 22-409 PAGE  V
LRC ZZHE-409,ATP CRB (B1C1D1F1MI) (WIXF1) (VIKIR1) ROSOOT) (27 NOV 7R )
PARAMETRIC DATA
YRP = 3.8830 INCHES BEYA = 000 ELEVIR = -20,000
L0000 INCHES AILRON = 20,000 RUDDER = .000
Rr = .0000 INCHES BOFLAP = .000
RUMND., 40 FRNAL = 4,30 GRADIENT INTERVAL = 18,00/ 30.00
eETA o™ caar am cBL Ty ey a coF LoF
00000 33179 .03834  ~.0D48S 00908 00062 o002y 29747 .15820  1.86031
00000 38888 05728 -, 00383 00953 .0002¢ .00108 .34396 .18815  1.84778
00000 .49913 .0S64a  -,007SS .01168  -.00021 .oo188 .43742 .24699  1.7710%
00000 .59638 05534  -,00984 01357  -.00070 00256 .51178 31117 1.64462
00000 8797 .03494  -,01157 01508  -,00104 00283 .57436 .36762  1.36238
00000 74529 .03428 - 01364 01638  -.00138 00350 .61830 .41965  1.47336
00000 86228 05273 -.01698 ,01859  -.00192 00438 .69442 51384 1,35144
00000 .99366 .05007  -.02128 o2122. -,00257 .00s5? JTT448 .62457  1.23998
OO0 1,10304 .04808  -.0248% 02332 -.00309 00587 82696 73153 1.13046
.000D0  1.23094 .044r?r  ~-.02880 02535 ~,00359 00673 .88481 .83692  1.03254
.00000  1,33359 04139 -.0318 02719 -.00413 .oarss 01358 97240 93951
00000 1,43348 .03866  -.03293 2898  -.00466 00882 .03043  1,09116 .es272
.00000  1.53a81 03469  -.08419 03183 -.00517 .0097s 94145  1.21771 L7713
.00000  1,61950 03048  -,03470 03342 -.00577 .0107¢ 92726 1.32812 .69818
00000 .O3497  ~.00034  ~.00073 00062 ©  -.00016 00023 02728 02194  -.03456
LRC 22HE-409,ATP CRB (BICIDIFIM1) (WIXE1) (VIK1R1) (ROSODB) ¢ 27 NV T2 )
PARAMETRIC DATA
WRP = 3.8850 INCHES BEYA = -3.000 ELEVIR = .000
.0000 INCHES AILRON = .000  RUDDER = .000
MRP 3 .0000 INCHES BOFLAP = 000
RUNND. 6/0 RNL = 4.30 GRADIENT INTERVAL = 18,00/ 30,00
BETA o™ CAF aM L cYN cy a oF L/0F
-2.83304 .33420 .06t  -.01308 .00184 00629 ° 00310 .31930 .16342  1.9538s
-2.81893 .41896 .05620  ~.01488 .00212 .0080?  -.00023 .37439 .19627 ' 1.90749
-2.78132 .s2387 .03546  -.01833 00269 .00614  -.00491 46025 .23%89  1.79839
-2.69613 .63973 .08434  ~.02307 .00324 .00€34  -.01029  .55074 .33012  1.66027
-2.e4a838 73263 03423  -.02734 00352 .00656  ~-.01496 .62121 .39219  1.58394
-2.859778 .a1563 .0s397  -.03184 00381 .00689  -.0187Y .67910 .45498  1,49266
-2.51567 .938a8 .08328  -.03736 .00415 .00731  -.02519 75637 .55542  1.36181
-2.42687  1,08493 .05152  -.04391 00431 00768  -,03117 83085 .66819  1,24344
-2.33102  1.20462 .04918  -.05099 .00461 .00812  -.03783 .90470 .79690  1.13527
-z.22098  1,33631 .04887  -.05794 .00487 .00842  -,0441? .96108 .92965  1,0338%
-2.12084  1.44179 .04464  -.06288 .00490 .00863  -.05038 .98721  1,0517S 936864
-2.00689  1.36217 .04238  -.08860 .00503 .00877  -.03626  1.01301  1,18998 .85130
-1,88748  1,86959 .03903  -.07143 .00319 ,00899  -,06074  1,01948  1.32276 .TT072
02043 .03783  ~.00023 .00017 ~ ,00003  ~-.0017Y 02998 02270 -.0377R

-.00t142



GATE BS WMAR 73

20,300
20,300
20,300
20,300
29,390
20,300
20,300
20.300
20.300
£0,300
20.300
20,300
£0.300
20,300

REFERENCE ODAYA

$,395C0 34Q,1IN, WRP = 3,6850 INCHES
3.9720 INCHMES YMRP = 0000 INCHES
4,.5300 INCHMES 2WRP = .0C00 INCHES
00438 3CALE
RUN NO, 13/ 0 RNL =
ALPHA BETA CN CAF
18,600 00000 32012 05034
20.000 00000 38508 049508
23,000 00000 +49208 04783
28,000 .O3T00 80883 04681
28,000 00000 67834 04539
30,000 00000 P73 04464
33,000 Re sia0a) 87335 04238
38,000 00000 29721 03993
9,000 00000 1.12219 03848
42,000 Reacania] 1.23764 03208
43,000 00000 1.38308 .02948
48,000 00000 1.488682 02369
31.000 00000 1.5521% 02209
34.000 .00000 1,.64796 01748
GRADIENT 00000 03802 =-.0009%0

SOURCE DATA TABULATION, LARC TEST 22-4D9

HE.T. 409 NAR ATP ORD (B1C101FIML) (WIEL) (VIXIRY)

4.30 GRADIENT INTERVAL =

(K]
-.01203
-.0133%2
~.01683
-.02113
-.02437
-.02808
-.03373
-.03988
~.04628
-.0%52%2
-.03948
-.06313
-.06678
-.07r192
-.00178

L
-,00133
-.00172
-.00218
-.00274
=.00290
-.00320
=-. 00334
=-.003968
-.00400
-.00403
~.00431
-.00443
-.00319
-.00498
-.00010

BETA =
AILRON =
BOFLAP =
-5.00/ 5,00

CYN Y
.00038 -,00328
00034 -,00323
00031 -.00343
00026 -.00427
.00018 -, 00395
.00010 -.00445
-,00004 -,00483
-.00016 -.00305
-, 00024 -.00359
-,00033 -.00%82
-.00043 -.00599
-.00038 ~.00629
-.00060 -.00662
-.,00061 -.00680
-.00003 -,00011

(ROS013)

PAGE

PARAMETRIC DATA

.,000
.000
.000

L
20884
+34768
.43426
.52681
37781
.63358
71442
.78329
84915
89775
94138
96227
96341
.93453
.01983

ELEVIR =
RUDDER =

COF
«14699
.17885
.23632
30860
«358¢4
41734
51445
.610845
-73436
.85258
.98324
1.10710
1.22481
1.34348
03422

(20 NOV 72 )

.000
000

L/OF
1.9635C4
1.94511¢
1.83760
1,.70397
1.61113
1.51813
1.38871
1.26835
1.133%9
1.032%8

95763
.86%186
. 78658
«71049
=037



DATYE 26 AR 73 SOURCE DATA TABULATION, LARC TEST 22-409 : PAGE $

HE.T. 409 NAR ATP CRB (B1C1D1FIML) (W1EL) (VIKIRY) (ROSO16) ( 2O NOV T2 )
REFERENCE DATA PARAMETRIC DATA
SREF = 9.3900 $Q.1IN, XMRP = 3,6830 INCHES BEYA = 000 ELEVIR = -20.000
LREr = 3.9720 INCHES YMRP x 0000 INCHES AILRON = .000 RUDDER = .000
BREP = 4,3300 INCHES 2WRP = 0000 INCHES BOFLAP = .000
CALE = 0043 SCALE
RUN NO. 16/ 0 RN/L = 4.30 GRADIENT INTERVAL = -3,00/ 85.00
MACH ALPHA BETA N CAF M cBL CYN cY L CoF L/OF
20,300 18.000 00000 28496 03108 -.00143 -,00128 00018 -.00308 25523 13884 1.88792
£0,.300 20,000 00000 +34692 04932 ~.00052 ~. 00147 .00013 -.00339 .30906 .16518 1.87103
29,300 £3.000 00000 43973 04790 =-.00093 -,00184 .00013 -.00357 38608 21591 1.78813
20,300 26,000 +00000 +34273 04360 ~-.00143 -.00237 .00003 -.00420 +46783 27891 1.67734
20,300 28,000 +00000 .60882 04399 -.00218 -.00258 ~.00004 -.004368 +313513 .32372 1.59128
20,300 30,000 .00000 67312 04238 ~.00307 ~.00294 -.00010 -.00300 .56338 37443 1.30462
20,300 33.000 +00000 . 782393 .03878 -.00314 -.00350 =-.00028 -.00545 .63350 .45894 1.38470
20,300 36,000 00000 .89089 03482 -.,00728 -.00372 -.00032 -.00586 70028 53183 1.26902
20,300 39.000 .00000 1.00117 02937 ~.00990 ~-.00414 ~.00053 -.00652 75943 .65303 1.16298
20,300 42.000 .00000 1.109%4 02418 -.01308 -.00412 -.00038 -.00657 .80868 76063 1.06313
20,300 43,000 .00000 1.21239 018368 -.01607 -.00457 -~.00078 -.00707 84417 .87041 +96983
20,300 48,006 .00000 1.31632 01323 -.01734 -.00481 -.00086 -.00723 87094 .98708 .88234
29.300 31 .000 00000 1.396814 .Cos18 -.01692 -.00512 -.00096 -.00756 .ar228 1.09014 .80086
29,3030 84,000 .00000 1.46851 00199 -.01679 -,00538 -.00102 ~.00757 .86156 1.18922 72448

GRADIENT .00000 03402 -.00138 -.000356 -.00012 -,00004 ~.00013 01814 03019 ~.03432



BATE 26 MAR T3 SOURCE DATA TABLLATION, LARC TESY 22-409 PAGE Q0

HE,T, 409 NAR ATP CRB (BI1C101FIML) (WIEL) (VIRERE) (ROSO1LT) (20 NOV T2 )
REFERENCE DATA PARAMETRIC DATA
WTr = 9.3900 3Q,1IN, WR® = 3,.8050 INCHES BETA = .000 ELEVIR = -40.000
LREF = 3.9720 INCHES YWMRP = 0000 INCHES AILRON = .000 RUODER = .000
eREF = 4.3300 INCHES 2WRP = .0000 INCHES BDFLAP = .000
SCALE = +0043 SCALE
RUN NO, 17/ 0 FBRNA. = 4,30 GRADIENT INTERVAL = -5,00/ 3,00
MACH ALPHA BETA N CAF amM L CYN cy (=8 COF L/OF
£0,300 16,000 »00000 ~L2r227 03839 00269 -.00119 -.00007 -.00297 24084 13988 1.72204
20,300 20,000 -0C000 33203 .03572 00303 -.0012¢8 -.00004 -.00300 .2938¢ .16623 1.76747
20,300 3.0 .00000 42378 .03338 .00312 -.00153 .0o002 -.00321 36916 +21490 1,71778
20.300 26,000 .00000 «32750 03201 00264 -.00183 -.00001 -.00372 45168 .27818 1.62379
20.300 28.000 .CO000 38911 .035109 LOR27S -.00208 -,00007 -.00401 .4961¢ .32168 1.54240
£0,300 30.000 .00000 .83388 04968 00233 -.00226 -.00018 ~.004453 54127 .36984 1.46332
20,300 33.000 00000 JTE272 04738 00143 ~.00240 -.00026 -.00463 .61386 .43518 1.34869
20,370 35.000 »O0000 58887 +04433 .000368 -~.00273 =.00034 ~.N0499 67312 *. 54357 1.23746
20,300 39.000 .00000 24114 040860 -.00053 -.00283 -.00048 -.00339 .T2844 .84238 1.13397
20,300 42,000 -00C00 1.07288 LO3709 -.00192 -.00281 -.00060 -.00323 TT247 . 745453 1.03625
29,300 43,000 00000 1.18338 03313 -.00278 -,00267 -.00076 ~.00615 .80274 .84959 94483
20,300 48.00G -00000 1.2¢387 02889 ~.00282 -,00304 -.00093 -.00610 82787 96229 .8s000
20.30%0 © 51,000 .00000 1.33339 02522 -.00023 -.00309 -.00110 -.00671 .82079 1.05367 77898
20,300 34,000 00000 1.41287 02094 -.00080 -.00300 -.00118 ~.00633 .81340 1.15518 .TD414

GRADIENT 00000 .032¢7 -.00102 -.00018 -.00003 -.00003 -.00011¢ .01708 02912 -.03176



CATE 26 WMAR 73

20,300
20,300
20,300
20,300
20,300
20,300
20.300
20,300
20,300
20,300
20,300
20.300
20,300
20.300

F3ad

£0,300
20,300
29,300
20,300
29,300
20,300
20,300
20,300
20,300
20,300
20,300

REFERINCE DATA

9.3900 34Q,1IN, WRP

S.9720 INCMES TR = .0000 INCHES

4.5300 INCHES DMRP = .0000 INCHES
.004S SCALE

RINNO, 20/ 0 RNA =
ALPHA BETA o™ CAF
-1.500 .00000  -,05319 07313
000 00000 -,08801 .arezs

2.000 00000  -.D17SS .06988
4,000 60000 .01209 .0es98
6,000 50000 .0a392 08482
8,000 00000 Rergs.14 08253
10,000 00000 .11793 .0e07r8
12,000 00000 16273 .05863
14.000 00000 21531 05857
18,000 00000 .26708 08428
18,000 00000 32797 05293
20,006 00000 .390383 .05215
23.000 00000 .48104 08119
26,000 00000 .60126 .0s057

GRADIENT .00000 01174 -, 00114

REFERENCE DATA

9,3900 SQ,IN, XMRP
3.9720 INCHES YMRP

4.3300 INCHES 2MRP =

SOURCE DATA TABULATION, LARC TEST 22-409

HE,T. 409 NAR ATP

. 3,6850 INCHES

HE.T. 409 NAR ATP CRB (B1CID1IF1IM1) (WIE1) (VIKIRY)

= 3,8850 INCHES
= 0000 INCHES
0000 INCHES

RUN NO, 2¢/ 0

0043 SCALE
ALPHA BETA
-1.508 ~4.48847
.000 ~4,47000
2.008 -4.48727
4,012 -4.43909
6.018 -4,44348
8.024 -4.426841
10.030 -4,40196¢
12.038 ~-4,37213
14,041 -4,33698
18.048 ~4.29654
16,038 ~-4.25081

00172

.07398
11341
133687
.20387
26179
32268
.01152

08707
.08338
06383
.06203
06084
.0s88e
05681
05334
-.00134

4,30 GRADIENT INTERVAL =z

-.01252
-.01187
-.01197
~.01150
-.01112
-.01078
-.01087
-.01082
-.01128
-.01190
-.01310
-.01567
-.02014

00017

4,30 GRADIENT INTERVAL =

am
-.0125%50
-.01239
~.01218
-.01208
-.01178
-.01140
-.01133
-.01143
-.01184
~.01220
-.01301

.00008

-0008e
.00078
00033
00024
00009
-.00017
-.00039
~-.00038
~.00083
-.00101
-.00123
-.00151
~.00181
~.00251
-.00012

BL
-.00018
~.00001
-.00027
-.00007

.00067?
00120
00183
.00199
.00239

CRB (B1C101F1ML) (WIEL) (VIKLIRT)

BETA =
AILRON =
BOFLAP =
-3.,00/ 83,00

CYN cy
.000a? -.00500
.00027 -,00478
-,00012 =-.00338
-.00020 -,00227
-,00024 -.00128
-.00023 -.00093
-,00017 -.00079
-.00004 -.00047
00009 -,00041
.00012 .00001
.00008 .00034
.00003 .000as
-.0000? .00151
-.00019 00229
-. 00013 00052
BETA =
AILRON =
BOFLAP =
-8,00/ S5.00

CYN cy
Losar .04048
00734 .03934
.00721 .03899
.00738 .035700
.00743 .03572
.00748 .03429
00768 03300
.00784 .03184
»,00802 03108
.00812 .02966
00790 .02897
.00007 -.00058

(ROSO20)

T PAGE

PARAMETRIC DATA

.000
.000
.000

a

-.0512¢

03804

-.01995

00739
03691
06821
.10558
«14698
19523
24176
29358
34918
42280
.51824
01034

(ROSO28) ( 20 NOV

ELEVIR =

RUDDER =

COF

074530
Jorza2s
06921

.08033
09118
+10698
42577
«15168
.16823%8
.23508
+30302
-.00127

PARAMETRIC DATA

-4,3500

.000
.000

a

05293
.04020
.01928
.00362
.03061
06434
.10087?
.13961
.18524
.23593
+28965
.01031

ELEVTR
RUDDER

COF
07567
.07253
.06864
.08749
.06917
.07354
.08063
0917y
.10700
.12677
15260
-.00152

11

(20 NOV 72 )

.000
000

L/OF
~.68800
-.52615
-.28830

.10925

53442

93786
1.31429
1.61198
1.62488
1.92230
1.94055
1.91240
1.79857
1.67703

.14311

L/OF
-.89933
-.55423
-.28084

03363
.44259
.87499
1.2479%
1.52127
1.7312¢
1.68129
1.89607
13737



OATZ 268 MAR 73

20,300
20,300
£0.300
20,330
20,300
£0,.300
£0,300

£3dd

20,300
20,300
20,300
20.300
29,300
20.300
20,300
29,300
20.300
2,300
20,300

20.300

SOURCE DATA VABWATICN, LARC TEST 22-409
ME.T. 409 NAR ATP ORB (BICIDIFIM) (WIEL) (VIRIRY)

REFERENCE DATA

9,39200 3Q.IN, WRP = 3.6830 INCHES

3.9720 INCHES YMRP = 0000 INCHES

4,.3300 INCHES 2ZMRP = 0000 INCHES

0048 SCALE
RUN NO, 27/ C RNL = 4.30 GRADIENT INTERVAL = -3,
ALPHA BETA N AP am CBL YN

16,013 -2.133%82 33183 03188 ~-.01180 00123 00484
20,014 -2.11424 39381 05027 -.01288 .00137 00444
3.0i¢ -2.07103 48212 04888 -.01510 .00$39 00418
28,017 -2.02219 59781 04693 =,01891 00138 ,00389
20,018  -1.38652 67348 04590 -.02211 00169 00378
30,019  ~1.94843 74220 04437 -.023038 00169 .00339
33.020 -1.89883 +85390 04228 -.030%9 00167 .00333
GRADIENT 01673 03497 -.00081 -~.00123 .00003 =-.00009

LRC B2HE-409, ATP CRBITER + EXTERNAL TANK (T1)

REFEREDNCE DATA

9.39060 30.1IN, XRP 3.6830 INCHES
3.9720 INCHES YMRP = 0000 INCHES
4,5300 INCHES 2ZMRP = 0000 INCHES
«00De3 SCALE
RUN NO. 30/ 0 RNL = 430 GRADIENT INTERVAL = -5,
ALPHA BETA CN CAF amM L CYN
-15,000 .00000 -. 48783 .26830 ~.13914 04237 02242
-12,000 .00000 -.38804 24827 -.11943 03672 01614
~9,000 00000 ~.33803 22941 ~.09039 .04260 02274
~6.000 00000 ~-.23109 «18693 -, 0T8T 02698 01423
=-3.000 .00000 ~.14733 .13877 -.03643 01740 .00878
~1,000 00000 -.10040 14447 -. 03651 .01382 00742
.000 .0C000 -.0reed «13993 -.02253 .01250 .006%9
1.000 . 00000 -.03698 .13825 -.00939 .01130 .003592
3,000 00000 =-.02040 .13801 .00948 .00863 00201
6.000 »00000 04042 12183 .03133 .00442 ~-.00134
9.000 .00000 10091 11623 .08592 .00313 -,00240
12,000 -.CO0000 .13251 .11323 07681 00271 -.003738
13.000 .00000 .18220 .13817 .09449 00278 -.01173
GRADIENT 00000 02111 -,00342 .01124 «.00143 =-.00109

PAGE B

(ROSO2T) (B0 NOV 72 )

PARAMETRIC DATA

BETA = -2.250 ELEVIR = .000
AILRON = .000 RUDDER = .000
BOFLAP = .000
o0/ 5,00

Cy [« B CoF L/OF
00941 +29961 135174 1.97484
00810 35470 .18270 1.94147
00718 +42647 «23427 1,82044
.00463 .51664 .30440 1.6972%
00266 37475 .33783 1.80622
00166 62045 40973 1.51428
-.00054 69295 . 50073 1.38381
-.00067 026356 02313 ~-,04035

(ROSO30) (27 NOV 72 )

PARAMETRIC DATA
BETA = .000 ELEVIR = .000
AILRON = 20.000 RUDOER = .000
BOFLAP = .000
oo/ 5.00

cy (=8 COF L/0F
~.008359 -.3822¢ .38019 =-1.00343
-, 00573 -.32794 32332 -1,01365
-.00796 -,29801 27347 -1.06634
-.00618 -,21023 .21008 -1.00036
-.00847 -.13882 .16627 -.83494
-.00488 -.09787 .14620 -.686940
-.00487 -.07669 +13993 ~-.54800
-.00584 -.06138 13720 -.44738
-,00548 -.02759 .13673 -,20178
-.003580 02748 .12538 .21903
-.00621 08148 .13060 .62390
-.007T74 .105653 .14028 .T5311
00113 .13506 .19994 .67549
-.00008 .018%1 -.00488 .10608



OATZ 2¢ MAR ™

LREY

SCALE

20,300
20,300
20,300
29,300
20,300
20,300
20,300
20,300
20,300
29,300
20,300
20,300
20.300

SOURCE DATA TABULATION, LARC TZSY- 22-479

LRC Z2HE-~409, ATP CRBITER ¢ EXTERNAL TANK (T1)

REFERENCE DATA

9.3900 3Q,1N, WRF = 33,8830 INCHES

35,9720 INCHES YWRP = .0000 INCHES

4,3300 INCHES 2"RP = 0000 INCHES
0043 SCALE

RUN WO, S1/0 RN =

ALPHA BEYA N CAF
«13,000 -00000 ~.35943 21634
-12,.000 .00000 ~. 29387 20474

~9.000 . 00000 -.23910 .18031

-6.000 00000 -.16397 .15674

-3.000 00000 -.10870 .139%2

-1,000 00000 - -.06833 12964

-000 00000 -.04022 .12380
1,000 ~00000 =-.2e28 .12027
3,000 00000 JO0eet .12938
6,000 .00000 .05290 .11831
9.000 -00000 11134 «11444

12,006 .00000 .14138 .11363

13.000 00000 +184068 «11248

GRADIENT 00000 01834 -.00163

4,30 GRADIENT INTERVAL =

am cBL
-.16820 .oosz2
-.14377 .0043°
-.11753 .00493
-.00439 00284
-.08733 .00188
-.04319 00147
-.03003 .0o089
-.01700 .ooose
00358 00058
.02843 00016

07389 -.00057
.0939%8 -.00081
.01208 -.00023

BETA =
AILRON =
BOFLAP =
-5.00/ 35.00

CYN cY
.00050 -.00004
00043 -.,00061
,00134 -.00235
00060 -.00214
,00018 -.00178
00070 -.00198
00115 -.00171
.00094 -.00260
-,00151 -.00365
-.00279 -.00391
-.00344 -.005558
~-.00432 -.00758
-.00467 -.00799
-.00024 -.00031

(ROSO31)

PAGE

PARAMETRIC DATA

000
.000
.000

(8
-.29119
-.24664
-.20792
-.14867
-.09924
-.06425%
-.04622
-.03049
-.00396

.04024

09208

11404

.14868

.01598

COF
30200
26174
21569
.17323
.14532
.13078
.12580
12776
.12933
.12319
«13048
.14058
15626
-.002538

13 .

(27 NOV TR )

L/OF
-.96420
-.94229
-.96399
-.85823
~.68290
~-.49132
-.36745
~.23866
-.03063

. 432663

70574
.81686
.95150
.11047





